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1 

mm^i}iyhxtA^-><Dm\z^fmmLxm 20 
Wk^mu.^ V 'J 7s 9 ©^n^nir ^ti^^ny^ 

mmmmmu mmfmmmz^^^x. Lbr^b 

p«tcomM) <Dm\zmmv. mmnm 
m^±mu.mmm\z^^^x. mwmtmu a 
^f^^^mmm&mzibtitm&mx^^tmwi 

[0 0 0 1] 

^asaK (BIST : Built-in Self Test) iHlKtcM 
[0 0 0 2] 

Lx. m-^mM^)H\zy-7.9-mm (xx vn^-y 
mm. n^-ymm^. mm. m^m ^m^iLh 

tim^nx\^^^. w&^'r^mM^\znh 
x}t. ^^n^m^. m7'7h^wi^mm^tz^\z. 50 



^m^7-l 9 8 7 9 1 

2 

m^jyn^-y^^ii. n^-ywmm^%'m%n\z 

<Dj^mmm^tLx\t. m^ssr^cos^iif^tc^iie 
n^ui^x^cD-^^. ^-mmz^oxm^mt^t 
tx mmzm^^n^mmu.m\^'y7.^xmm 
AT, umm^^^i^^^yj^fim^nxi^^. j^m.m 
mp^iL^s^um^K<DVtmmtLx\t. mmumu 

mmmm) ^frU5\d)Vh-(y'Ui>y^^uy^' 

:t:/lf^— >3> (BILBO:Built-In Logic-Block Obser 
vation) Ui^X^^M^K ±m(D'e-\^^WW^fSii)^ 

Ji*. B I hBouz^x^xm^nfzmm':ruyy 
^^umLx\^^<ijmm^nx\^^^ (m-xm:Yione 

mann B. , Muncha J. and Zwieboff G. : "Built-in Log 
ic Block Observation Techniques" , IEEE Int. Test 
Conference, PP37-41 (1979) ) . Lfi^b. ^ffllUj^I^lC 

m^m^m-^n^BiLBouz^x^tbx. 'j-77 

^m^^'Bm^^^(Dx. um(DTzwzm^.^mm^ 

^ruy^mmhtcmzn. mmm^mm^mfs: 
tcib. u,^mm\Mmfimmzfsi^t^^^mmi^^^^. 

[0 0 0 3] Za^^^fS-BlLBO^mtmLX^^ 

mmmmmzm^^mu^mtLx^t. mmum 

k vX^ t LT-fe;i/7'rX h/^X UPX^ 7 3 

^n^^i *£^^^/tx 7 Ax^'^bTcmmm^nx 
v^^. m7\z'^^<Dm^j^^s^umm(D^wm&^ 

(##:S:iS)t : Krasniewski A. and Albicki A. : "C 
ircular Self-Test Path : A LoTKost BIST Technique 
for VLSI Circuits" , IEEE Trans, on CAD. Vol. 8, N 
0.1. pp. 46-55 (1989) ) « 'fe:;l/77^X h/lX UxX^ 

7 3^£. mmiz. \yz^x^0X:hm(DU^n^mmzM 
t^/^^-ym^&^ mfmmm . m-^moumM^ 
mm\zMr^^x h/^^-y^^^tLxmi^-^'^^^ 
t\z^r), -'m(DU.m^mxMmm^7 sm^^ay 

u.^. x^ti^h. ±x<Dt)Vy'fxvnxv97.^7 

m^\zMLx\tmmmmx^^. t.rz. mmmm^ 
\znbx\t. ^mzyyhWif^'^'^^Ui^x^m^g^K 
fs^^fzib^^ ^y^umfimmx^^t\^^ommf)^$> 

ir;l/7xXh/tXUvXi$'7 STItg, ffiffi 

^m^&m-r^rz^\z\t. -t^v^xxh/^xuvx^'? 

3^LT, ^A:f3'>^^^vU>^X^ (MISR) , y 
>f-KA>y^ . i/7M^i^X3^ilit)fc7^"Hnv>^7 
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3 

K^'y^^^^ui^T.^ (MisR) ^^^mwmm 

[00 0 4] 

^ymm^'^mfs.mmm-^tix^^^. a^a^^gE 
tm^^^m^^xmm^(j:>UM^^'ttom'^(D5-7. v 

iL^^mmr^^ttm'^nx^^^. z(Dot>. mm. 
m^iL^xmmmt^rMz^t. ^^i^^^^umm 

T&So mzmmxmmtt^uikmmM^^m^ 
it. mmtx^^mm^iS^^wx$>^o ^tc. mmmm. 
yT.y'Amxo^um^n^miz'r^rcibizn. 
m^mm^^nmmu f'7.^-m^^r\zmm^^ 
p^ux$k^^^^mtix^^m^f}m^nx\^^^. 
}L^^'^um<D;\-v^timr^ct\z^'DX. ^y/ 
mmi)m±t^t. ^0^^w&m^<Dm^f)i&y\z 
^fs^fA^ox. m^T^^^^u^mmm/\-m\tx 
^^mf'pts.<'r^ztf3mmnx\^^^. zotc^. m 

[0 0 0 5] :^^mt. &.±(D^\zm^. ^mmj^^ 
m^'r^rzib\z^^nrzh<Dx. ^0m\t. mmm^ 

Lx. -"D\z\t. '^)v^'^'i^)VMmzm^'^mx. ^ 

^o^wt^mmn,»ui>x^^mm^tth\z. 

hv-r:>\z\t. Z(D^5fs.^^o±,{z^^\zUl^o)rc^ 

<DnmMm^'pfSi<xmu^7h.^s^umEm^mm 

t^ct\z$>^. 

[0 0 0 6] 

'r^rcib<o^^m(Dmmyim\^z^7^x\t. m^\m 



(3) !|$P^¥7-l 9 8 7 9 1 

4 

3 3 ^umM^mmixiiis 1,37 i:±tex-^ 

hmouy>x^ tLxmi^^"^. u^^-m 

10 vv^(ovv7.9\zmx^t\tzmmWi<Dmmimi 
JStc^L-TN tf y h X t n^-yof-T. vn^-yth 
xm-n-^^i^. mmn(DmmuMV'j7.^3 3\z^ 

v!;^'i^)vxmv^h. ^^\z. iMummmmm^ 
i*cDSWEflia*iS3 ST&^^^s^fflig^tSA, iMU 

F^cDNif >y hx t nd^-yo'^W^ 1 If-/ hx 

t n^-y<o^m.\z'mEMhxm^f^mmm 

[0 0 0 7] Sfc±i2<Dt)3-'3<D^&5^^l^^■r'5fc56 
<0ifmiO^^^^^mmmnx\t. mx\m2\z^. 
-r^o\z. mmM^n\z. l {ummo^mm m<o 
}:Mo^fmmmthx(Dmmum\^i^7.^i2 (r 
3. R7. R8) ^«^^asii/xx^<D^n^n 
\z^^i^n^^uy^^^^ tu^^u 
v^^-^^^xwiVF-rm^Myn v:/yuy'fow& 

^^mmf&ih:hm (1 3) L^^±$mmmm^ie\z 

-y (t«xXhA^->IS) <D^m^L}dyhXvn 

^-y (v\tL\dyhmmwmtitm-^m^. v< 
^^Mmm^mzmii-r^ (1 1 o) m&m^^ct 

[0 0 0 8] 

40 [m] ^^m<Dmmumui^x3^\zxn\f. W7 

-yuy-f) ^^^^^xi-Dommumuz^x^msL 
t^z.t\z^o. ±mBmM'r'\z^^^n^puy^<D 
rnm^. ^ymmmmzt^z,tmm\z 
fsi^. MTc. ^^mo^^mu^wy^s^iz^mt. u 
m\zmmmkui^x^^^x h/'^^-y^^ 
'^m&m^tLxm\zmf^'^'i^^ct\z^r), - 
m<Dum^mxmmm&pi0±':fu y^^umjm\zu 
So zoTzib. ummmj^mms,\zmmx^^^o{z 

50 ftr^. xXhX§:fe*;^<;^S, ^^\z. 
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(4) 

5 

[0 0 0 9] ^rz:^mMm^jh^s^umm^r\t. 
/'^^-yBm^mmum\^^y7.^\z^^^m&mt^ 

mmmt.. ^^■^mum^'j7.^\z^7L^^:b^ny m 
h\z^^. '^}\^^^^^)m%\zwmmzu^. ^fc 

n^^<^x^fz.^\z\^)\-y^m.(jy%^fmm^^mft 

Atiy^^^YUz^T.^ (MisR) ^(DBmmm^^ 
xnoctiz^^. mmui^7.^(D/\-]^mmx. 

\zrs.^. ^fc. ^^mo^^i^^^^umm^iz^n 

i^^^ctiz^Ki^ ^ymmom^u&^u^m^ 
<Dm^oh^f)m§,\zfs:^. ^^\z. ^^mom^i^^i^ 
Bummmz^mt. mwm. mm^mmm^p^iz 

tcj;0. SiSSPg. y7.f-A^^X<DUmmmmM,\Z 30 
fi'fs.^i^^olzrs.^. 

[0 0 10] 

immm uy. mmmmLx^mommmmm 
i^mmz^^u^iL^^'dwmmt. asit^cofc 
7s^i2. nmmmmi^. nmrn^mi^m^-^x 

^\t^^^2(D^^mU^V'yX^\2Xm. ±MO 
^ 1 oy^^mum^'JTs^ 1 Ui0 3 \zm^. ^ f> 

[0 0 1 1] m\<ry^^'^2(n^'^m^wvvx 

use. l*<D^fHIE^ffl:^«S3 5i&^-^, 



#IB¥7- 1 9 8 7 9 1 

6 

xt/^^-y (t\tf-7.h/^^-ym (D^m^ixt 

^wzEmv^mBmmm3 5f}^^m:ht^tmm 
\z. N\iyhmoui^x^\zw^^nrzmm^'AWt<DU, 

[0 0 12] ^2lr:feViT, ±B<D^^ ^ KD^^MU 

mupx^ 1 1 \t. f^&xi] 1 1 3\zumnrc. 
Ts^ i.h^\'^\^n^y^^)7.^^yvi>7.9) 
x^w^%mm\\^n\z%m-t^. ^tc. ^-cfi 
<j)mmmiVV7.^\ \ Mnmm\znz^tiv 
^D-^^jvxmi^L. ^ymmf}^^mfs.u^7^ 
h>^D7i7icMufc, 2 0f)^^3omm(om^mi' (7 

-3^£fi:b^^£}^^. a^^"-H«fti, mnmmzm^^ 
n^N\iyhm0Uz^7.i$^tLxmi^L. um^e-m 

tLxmmm^o 

[00 13] ^Tc. ±m<Di^^:/2 0mmumuz^7. 
^i2\t. u^itmmm^i 1 sicH^n^i/vx^© 

1 1 6(^tcJ§:«-r^. ffl-B-ii'iSSlpIJS 1 1 StzB^tl^^c 

ui^xd^tLx\t. aa;t^->Tti. Bjsim riis 

i^7.^mmtvxm^f^ri^o ^tz. mm^Bi^fim^ 
riX'^^oD-'/'/uy^iziimx^^^ouui^T.^^ 
m^b. ^m^mmnmm<DnmmM,\zr^. ^tc. 
^^:f2o:»^:nmu^upx^ 1 2\t. m'^Wimizm 
v^uy^'^'i^jvxmt^b. ^'iB.y^^km^^mfs. 

U^7^h:fay^\zmbft. 2 o?&>6 3 ogScoiBli 

[0 0 14] ^fflJEffi|gl6li> Ltf^/h (LH^^y 

xij' (MISR) ^M^^^. ^mmmki^i>7.^(o^ 
m&m&tmi 3i)^^ibii'^n^h\iyh ium^s^ 
^^^0&ti^m xt;^^-> (t\tf-7.hA^-y 
m o^n^Lx i>;^^-y<D^m\zmmEEmt^. z 

ty^^'^^rUi^7.^<D^m'^x^m\t. i/(2l) 

ttS.^0X. Lf}^2 0f}'^^3 0\dyh&rf\Zf3.^tUl 

sRX0^m-rx^mi)mm\z^^:itt. ^m^m 
^mx\m'^(D\ oo75^<Di0Em\zr^t^^ozt 

(Om^<OM.m^ ^LXDC9ffl^30 Eknzf3:^X o \Zt 
Uy^'^^^)irWii^L. ^^^y^^mi)^^mfS:U^ 
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7 

[0 0 15] a^SiJfflllelK 1 7(3. miaielgSl 1 609^ 

mwmtmL. mmi^tmmf^m i 

[0 0 16] m3\Z. ^-fT'lO^^W^a^Vi^X^l 20 

w^x-h'r-^mmi' 2 4 ^- Y'mxx-hm 2 

2fi^h^X^i^^m^\Z^->X. w^^-Yn\t'f-^ 

■ ^7 M/vX^ (LFSR) tUTSlf^b, iK 

[0 0 1 7] 04 tc. m^^'i2(D^^mm^'j7s 
^^^2<o^-^mm^'j7s^\2\t. N«(7)K»^i/ 

X^'fe;V4 3(iv7hiS4 1 OtCckOS^T^o gi^a 
®K^fflWi^X3^i:;V4 3oCDffl;(3^£7>r-HA^y^7jS 4» 
tCj;r)|gg<^aafflU>?X^-fe;i/4 3itCfe^U 
fc^P«1JEEffiffl;^ia4 7tLTtt!:^'r§o ±f2a^ffil/i^ 
X^-fe;V4 3li. WmTAA. 2A*i|31*T4 5, 
v7 hx-iJ' • 0^fiilW^i^4 6 =£ffil^T«l^-r^o 
±i2>'7 hx-iJ' • S^MjlJ^^^4 613. ^:-H^# 
AA:^«|4 2^^^4A^ns®^(C<toT. a«^-H 
P5H03tfi^&2A;biSS^^4 5(C4A. x-^A;b4 
1 ;5>t^<7)^*l21&^^4 4 ic^^^tx^cfcotriftf^L. 
aS^^-H^fi. HaS<^)it®^ffi^vX^ir;P4 3;{i^e»x 
•yV^tVZ<^'T-^h.^-^X-hA\Q>mmih^tz 50 



9 8 7 9 1 

8 

mnmm'fAA\z^-x^n^^o\zmvFt^. 2xti 

[0 0 18] ^Tz. ±myA-Yj^y{;m(DW\<om^%t 
Lx. m^^z^t^oiz. yA-\^ny^t^&mtL 

xmm^m^f)^^^^m^tumS^<Dy4-]^;^^:;i^ 

mbs^^h. 2x±^m^i'tbxmmm^m^m'f- 
5 um^e-miz^xtt^^^^^^uzyy.^ 
tLxm^t^m^2 (MisR^) ^m^^. 
[0 0 19] m6\z. ±m^^:f2<Dmmu,^kuPx 

me<D^'i'f2 0mmumui^7s^i2\t. imom 
#i/vx^-fe;i/6 3. N-imouwimi^'Jx^^ji'e 
4f)^ibmis.^n. a^v>^x^-fe:;i^6 3&t;^agiffli/ 

vX5'-fe>lV6 4(3>'7h$l6 1 0(C<fcO)S^^T§. 

BQstLxatit^. M'BU'Jx^tjvesu. f&a 
<DU^n^m^<Dmti3 2 0o'^y>yA\zo. ise 
t^m(on^^mti\zmmnrch<D^mnt^. ±ibk 

^6 6. 'yyhy"-^ -m^mmm^eTm^^^xm 
j^t^o ±tav7 hx-^ • asfflS^^^T 6 7(3, ^ 

-H^#x.A:^«l6 2;0^e-^A^n^M^ICcfcoT, M 
«^-K^(3@SM^2A;^iiiS^T6 6lr#^. X- 

^^A*6 if}^^(D±±mmi'6b\z^x6n^xo\z 
mv^u u^^-m\t. ijao3i^i/vx5^-fe;i/6 3 
^^^^mmm\yi^x^±)V6 4f)^^i^yh^nx<^ 
T-^tT-^xiie i<Dmm^t-:>rcmf}mmi'^z 
4Ae>n^j:5tcttf^-r^. 2xtii^mmTQm. m 

[0 0 2 0] 'A\z. v;i/^'tj--r^;i/[Hii^'\cDM. ^-r 
^ymu. ^^:f2(Dmmumuz^7.i^\zmtm 
mmmiz-oi^^xm^^. c^jv^-^-i^jv^Bi^^com 
M) m^\zi&^rz^o\z. mnm»±mm^(o^uy 

upx^ii. ^-f'/20mmmkui^y.^i2\m 
(y')y:/'yay^ ;::t\zm^t^. ^fz. mmB 

^mumu-j7.i^ 1 1. 3^^:^2<^^^^^Kg^i/vx^ 
12. ^rmm^i emgLt^y'Jy^ ' yuy':fm 
oyymmt, mc^uy^^-i^^jvxn^t^n. ^ 
tz. ^^^^2o^^mumuz^7.i^ 1 2f)^mfmm 

oy^Jy:/ ' yuy ':fti^^'^\^^^ u v ^^^^)V(r>y u 
v^-yuv •:f\zifihxn'fs.t>n^fz^. yy vmvm 
x(Dmn(D!mi^^x:^n,^\ -^mi^mxy^. ±x(d 
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9 

[0 0 2 1] {^^^y^m) m^\v^-^r^^o\z. 
^y^mkimms.v^7^v^uv^\zWufz,. 20 

^7'2(D^^^ai^l/vX^l 2, ^rajEEiSSggl 6S« 

mu^uz^x^mm^yu 9:f ' yoyyTf^ 
^ymm^ffti:3rc^\z\t. ±mumi^p7.^o'tn 

^n7U • yuy/^z^^ibn^^uy^oyitib^ 

mmz^y). x+a-^i, 2WL(D^mm=f^(ommm 

x^tz.^. ^WMMV'j7.^^mm^y^)v^ -yu 
v:ft\^x. ^%m^-{^y^mm^nv^7^v:f 
uy^\zmu Sc^2 0^^^3 0SS^n«iA^c:ilcj; 
0. ^y^^m^mmznux^o ^Tc. ^^:f2 

^^^^ag^l^^^X^l 2;!i^^^n^W7'>h:/n-/^ 
'1'7^2C0^^Wliaitl/vX^l 2t^raff*6^1 6C0r^ 

\zAn^^t\z^'Dx^mznfs,x^. 
[0 0 2 2] (^^:f2(Dmmmkui^7.^) ^^-^ 
2(Dmmu,mv'j7.^\2thx\t. m%^\z7hhfz^ 
'd\z. ^^m&t\yxy^-Yny^m. MisRHfe 
^^^t/-'y^-\^nv^m. 2Xiimm^tLx 

nt^tiWSihxmm'^iiK tmommmTrcr. 
)\-YmtLx\t. j—y^-Yny^m. y^-Y 40 
n^^m. MI sR^(oji»c;^#<?5:D, 2Xi}mm 

f)mh±^<f3i^. ^^:/2<Dmmu^uz^x^i2 
\t. t(imx)&^rc^o\zm(Dumm^^3 i\zMt 

T.hn^-y^^^tLxmmt^f)^. "tn^n&m 
ffi^coapi-7x^$ (mm^xmo^m^'^T.^^hx 

M ^'i^2(Dmmu so 



1$§a¥7- 1 9 8 7 9 1 
i^l/i^X^' 1 2(7)^rBlJEEi^^tbT<OStPSTX^^(C^ 

bT, g^g:cou®^ffli/vx^-tr;i'4 3d, ss^. 6 4 

D-ilC^^$n;t^^Eiffitli:^^84 7, 5 7. 6 8;^^^) 

' y^-Y/'^y^mxit. ^m^x^m\zmtu^\ ^ 
fc. 2Ki3mmMf'^5. 6 6 tbx^m^mmm^^ 

icii, ^^li-^^MzmoumMm^sifi^ibm 

vX5'ir;i/4 3b, 5 3o, e4n-i\zyyh^n^^x 
\z. ^mommiimtmtmzfimmtifi^eimt 
^^mi}^$>^rc^. ^m'^y.^mm^xi&\^\ naia 
$>^^^ \tt<D^^^m ^^fc^'^it. $>^'^-f^)v\zmm 

mmm^m^^oummm^^fs.<x^. yym 
v^mzi / 2<Dm^xmsiLx^^<ox. smwusfa 
h^\^^\t^<D^'&^m^^tz%^t\mLxwLn^7.m 
\m<u^. ^-f >^2 0sw^a^i/i;x^i 2©T-x 
vn^-y^^^thx<Dy-xvn^-y%m\zmh 
X. mm,o>mwiimm3it^^\m^fmm<Dn^- 

^x. ±W^h^\^\t-m'^'7y^K\zc^. lE^t^^ 

^(DUlkl^^E^ 3 7 fc^bxx h/^9-ymm(om^^ 
n^-yfim^x^^o mm(DUM^mm3i<Dmii 
my^Aizo. iK&t^mf)^-mz&^^m^. y- 
-y^-Y/'^y^mxit. m^/'^^-yfi^^^^n^m 
f}m<rsi^rz^. f-T.hn^-ynmmKft^oxy 

^3\<i>±m-hii^^. \^thjE^xo:>mm^^^Mz^ 
\^x®^m(^^^hx<^hmzmhx\t. "^u^y^ 
-ny^mxyx. muM.vv7.^o\iyvmi(Dn^ 
-yfimK^M-^n^tc^. n^-y^m^m<u^. ^ 
zx. u\ ^Rm^m^^^iL-mifih^. Sfc. 2A*iS 

[0 0 2 3] £^±. ^^^^2(Dmmm.V'y7.^\ 

2(D^WL^^m.Lx. ^r. y^-Yny^m. mis 
RS, j-'y^-Yny^mowm. mwonmi 

(ch^^;i/T^^©iisv^i^^n, y- • 7>f-HA*'y5?^ 

Y^)^^t^m^-mz&\.^m'^\t. y^-Yny^m 

E(D^^^MZ^\^^Xm^mi)^mi\.X<^^^n.. M 
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(7) 



itJB8¥7- 1 9 8 7 9 1 



11 



12 



[0 0 2 4] 2xtimmm'4s. eeosj? 
*^sc#<^»b. A>o^a®aK«*isi8S 3 7 *t^nB 

fxx hA3'->^^©a<;'i^vi3'->TfeiiiiVi5!tls| 
[0 0 2 5] *5i?g-ctt. ^^rsia^ui^x^©/'?:?- 

•f, #A:^5' 51^*5"^ Wv^X^' (MISR) *SV5|J7 20 
iia?D^T?£fflVi&fe©i:V>^fcA-FS©::^€aff« 
[0 0 2 6] 

)!)i'>ftV^ ««llEl«lffl©»*a*aEK»(sI?S*i*n? 



[04] 5''f7'2©*^ri!ai^U-i^X^®lfi£PJl (7 

[05] 9^-:r2ommum.wy7.ff(Dmm\2 m 
I sRH) sr^-rs, 

[06] {'^•:/2(Dmmmui^x^<om^m3 u 

[07] fia5©a*a*SEKi^lfiIK©^(ii«^0. 
[^#©gi9^] 

\i-^mmm)i^ 14- 
i5-sia!ftm# 16- 



1 8- 
110- 
112 
114 
1 1 6 
3 2- 



11 *fE?)3©^^:?'2©0t%KKUv'X^'©S*« 

[02] %^mzi.^W)-TL3^'^^mm%(!>±mi^ 



1 1 -^vihh-'^^ummm, 

1 9-*l7m^ 

1 1 1 -aavi^x^ 

•••®^AX 

1 1 3-9^%Xfi 

-mmi 
1 1 5 •••ifi-&-e-i5iK 

3 1 -mw.'nwmmi'iik 

3 3-ft^fl!K^l'v'X^ (A3'->%±. SraSffi) 
3 A-^^-Y-^XXhU 3 5 

3 6"r-^m:'3« 3 7 
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(8) 



<^mW-7-l 9 8 7 9 1 



[01] 



m2) 



01 **Bfl''4*'fi85<ttus-79«**lB«X 
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[Claims] 
[Claim 1] 

A shared test register that in an IC, 

within a circuit layout connecting to a circuit under test via said data input lines and data 
output lines a register having N (N being an arbitrary natural number) data input lines, 1 
mode switch input line, N data output lines and a test data output line, 
wherein said register operates as an N-bit register during normal mode, but during test 
mode, outputs as t N-bit test patterns for the next-block circuit under test that data stored 
in the N-bit register from the data of t N-bit input patterns (t being the number of test 
patterns) that were output from the previous-block circuit under test, 
where said shared test register is characterized by 

comprising N memory elements that were placed contiguously at layout time, 
where said N memory elements operate on the same clock cycle, 
and further, where said test data output line is structured to comprise 1 spatial 
compression output line, 

and where the data of t N-bit patterns at the time of said test mode is spatially compressed 
to 1 1-bit patterns and output from said spatial compression output line. 

[Claim 2] 

A built-in self-test circuit characterized by providing 

L (L being a natural number) shared test registers as described in Claim 1, 

an L-bit temporal compressor comprising memory elements that operate at a clock cycle 

that is the smallest common denominator of the clock cycles received by said various 

shared test registers, 

and a test control circuit; 

and by providing a structure that 

connects to said temporal compressor the L spatial compression output lines output from 
said L shared test registers which have a compression rate smaller than said temporal 
compressor, 

compresses, in said temporal compressor, the t L-bit patterns (t being the number of test 
patterns) to p L-bit patterns (p being the number of comparisons done with the L-bit 
expected value, with p a natural number and p « t), 

and in which, in said test control circuit, said compressed data is compared with expected 
values, and the test result is output to outside the integrated circuit. 

[Detailed Description of the Invention] 
[0001] [Field of Industrial Use] 

The present invention relates to a shared test register for simplifying integrated circuit 
testing, and a built-in self-test (BIST) circuit using the same. 



[0002][PriorArt] 



One known method for simplifying IC testing is the built-in self-test circuit, which is 
based on compact test methods building testing capabilities (a test pattern generator, a 
pattern compressor, a comparer, and an expected value) into the same circuit. In order to 
achieve a high fault detection rate and a short test time for the increasing scale and 
complexity of ICs, this distributed structure mounting multiple said pattern generators 
and pattern compressors on an IC is becoming indispensable, and one method known for 
simplifying testing is to replace part of a register used in normal processing in an IC with 
a shared test register which can switch to a normal mode and a test mode by mode 
selection. As a conventional example of a distributed built-in self-test circuit and a 
shared test register, a method is known that uses Built-in Logic-Block Observation 
(BILBO) registers that perform normal register operations, shift operations, initialization, 
pattern generation, pattern compression (temporal compression) by means of mode 
switching, and while switching among the above modes, the logic blocks surrounded by 
the BILBO registers are tested in order (Reference: Konemann B., Muncha J. and 
Zwiehoflf G.: "Built-in Logic Block Observation Techniques", IEEE Int. Test 
Conference", pp 37-41 (1979)). However, because it is necessary to use linear feedback 
shift register-type multi-function register cells as the BILBO registers mounted plurally in 
the IC, one problem is that too much extra circuitry is added for testing. A further 
problem is that, because multiple testing procedures are needed to test an entire IC block, 
the test control circuitry becomes too complex. 

[0003] 

One method is known of a test control circuit that can be more simply structured than that 
of the BILBO method; this uses self-test path registers 73 as shared test registers, and is 
structured connecting these in one cyclical path 74. The overall structure of this 
conventional built-in self-test circuit is shown in Fig 7 (Refer to Krasniewski A. and 
Albicki A.: "Circular Self-Test Path: a Low-Cost BIST Technique for VLSI Circuits," 
IEEE Trans, on CAD Vol. 8, No. I, pp. 46-55 (1989)). By means of making a self-test 
path registers 73 function simultaneously as a pattern compressors (temporal compressor) 
for the circuit under test of the input side of the register, and as a test pattern generator for 
the circuit under test of the output side, it is possible to test the entire block inside IC 78 
with one testing procedure, and making possible a simple test control circuit construction. 
However, because all self-test path registers 73 are connected into one cyclical path 74, 
there are problems such as the difficult application to multi-cycle circuits where the clock 
cycle of each self-test path register is different, and also, the difficulty in guaranteeing 
timing for a large-scale IC where a greater number of registers perform shift operations 
simultaneously. Further there is the problem that, because high degree temporal 
compression is perform directly with self- test path registers 73, in order to decrease the 
fault masking rate, multiple input signature registers (MISR) or feedback shift registers 
having a feedback line and a hardware intensive composition must be used as self-test 
path registers 73. In Reference 2, feedback shift registers are used as self-test path 
registers 73, but in order to reduce the fault masking rate, it is necessary to have more 



expected value comparison circuits than multiple input shift registers (MISR), and there 
is the problem that the expected value vector becomes large. 

[0004] [Problems to be solved by the invention] 

Based on the increasing scale of ICs, there is a tendency of increasing power 
consumption, and there is growth in multi-cycle circuits that run a whole IC not on a 
single clock cycle, but that have clock cycles adapted to the demands of each function 
block. For this reason, a technique for simplifying testing adapted to a multi-cycle circuit 
is desirable. Based on the increasing scale of ICs, guaranteeing timing during register 
shifting is also coming to be a problem. A method known as level sensitive scanning 
guarantees shift operations with two clocks used exclusively for shifting, but requires a 
lot of hardware. For this reason, in the built-in self-test technique, an arrangement not 
using the level sensitive scan but easily making possible guaranteeing timing is desirable. 
The testing process when a built-in self-test is used for performing IC testing includes the 
design of the built-in self-test circuit, incorporating it [in the circuit], and the test 
execution process, but it is desirable to reduce the man-hours in order to reduce testing 
costs. Among these, in order to reduce the man-hours spent designing and building in, a 
composition is necessary that can standardize and simplify all the components 
comprising the built-in self-test circuit. In particular, a composition is needed that can 
standardize and simplify test control circuits requiring design work. Further, in order to 
simplify test execution during the manufacturing and system phases, a composition is 
desirable that mounts the expected values in the IC and that can output the test result 
internally to the IC without using a tester. By means of adding built-in self-test hardware, 
the chip surface increases, and thus given the decrease in IC yield, it is desirable to 
decrease the amount of hardware added for a built-in self-test circuit as much as possible. 
For this reason, shared test registers, which are plurally mounted on ICs and are a factor 
in the increase of supplementary circuits, must be implemented with as little hardware as 
possible. 

[0005] 

The present invention, in view of the above points, was created to solve these problems. 
One of its goals is to offer an improved shared test register that can be adapted to a multi- 
cycle circuit, that can easily guaranteeing timing, and that reduces test costs, and another 
goal is to offer, in addition those improvements, a built-in self-test circuit that can further 
get by with a smaller number of auxiliary test circuits. 

[0006] [Means for solving the problem] 

In the shared test register of the present invention, in order to reach the first of the above 
goals, 

for example, as shown in Fig 1, an arrangement is provided in which: 

within a circuit layout connecting to a circuit under test, for example, 31 or 37, via said 

data input lines 32 and data output lines 36 a register having N (N being an arbitrary 



natural number) data input lines 32, 1 mode switch input line 34, N data output lines 36 
and test data output line 35, 

wherein said register 33, during normal mode operates as an N-bit register, but during test 
mode, outputs as t N-bit test patterns for the next-block circuit under test that data stored 
in the N-bit register from the data of t N-bit input patterns (t being the number of test 
patterns) that were output from the previous-block circuit under test, 
and in the shared test register 33 in an IC, 
said shared test register 33 

comprises N memory elements, for example flip-flops, that were placed contiguously at 
layout time, 

where said N memory elements operate on the same clock cycle, 

and further, where said test data output line is structured to comprise 1 spatial 

compression output line 35, 

and where the data of t N-bit patterns at the time of said test mode is spatially compressed 
to 1 1-bit patterns and output from said spatial compression output line 35. 

[0007] 

Further, in order to reach the other goal described above with the built-in self-test circuit 
of the present invention, 

for example as shown in Fig 2, is made to have a structure: 

supplying in the IC L (L being an arbitrary natural number) of the above-described shared 
test registers 12 (R3, R7, R8) as spatial compressors, Lbit temporal compressor 16 
comprising for example memory elements operating on the clock cycle that is the lowest 
common denominator of the clock cycles used in various said shared test registers, and 
test control circuit 17; 

connecting to said temporal compressor 16 L spatial compression lines (13) receiving 
output from said L shared test registers 12 which have a smaller degree of compression 
than said temporal compressors; 

in said temporal compressors 16, compressing the data of t L-bit patterns (t being the 
number of test patterns) to p L-bit patterns (p being the number of comparisons with 
expected values, a natural number with p « t) 

in said test control circuit 17, comparing said compressed data with expected values, 
and outputting the test result to outside the IC (1 10). 



[0008][Eflfect of the Invention] 

By means of structuring one shared test register using N memory elements (flip-flops) 
placed contiguously at layout time, according to the shared test register of the present 
invention, clock lag received by said memory elements can be reduced, and timing can 
easily be guaranteed. Further, by means of making the shared test register operate 
simultaneously as a test pattern generator and a spatial compressor during test mode, by 
means of the shared test register of the present invention, it is possible to test a whole 
block inside an IC with a single test procedure. For this reason, test control circuits can 
be easily constructed, and testing costs decrease. Further, in the shared test register of the 



present invention, making the memory elements forming [the register] operate at the 
same frequency clock cycle is provides a groundwork so that test circuits using [the 
register] are optimal for multi-cycle circuits, as will be described below. 

[0009] 

Further, in the built-in self-test circuit of the present invention, pattern compression is 
performed by dividing it into two stages: spatial compression, by means of the shared test 
register, and temporal compression. The spatial compressor (the shared test register) 
comprises only memory elements (flip-flops) that operate at the same frequency clock 
cycle, but the temporal compressor operates only based on memory elements (flip-flops) 
that operate at the clock cycle that is the smallest common denominator of the clock 
cycles given by each shared test register. Further, in the built-in self-test circuit of the 
present invention, instead of using a temporal compressor that requires a hardware- 
intensive composition in order to keep the pattem compression rate up and the fault- 
masking rate down, a spatial compressor is used that has a small pattem compression rate 
and that keeps the fault masking rate low but requires little hardware, and by means of 
performing temporal compression using one independent compressor like a multiple 
input signature register (MISR), it is possible to restrain the amount of hardware of the 
shared registers, and lessen the amount of hardware in the whole additional circuits for 
testing. Further, in the built-in self-test circuit of the present invention, by using a above- 
described shared test register having low clock skew, it is easy to build it into a self-test 
circuit that makes a timing guarantee simple. Moreover, according to the built-in self-test 
circuit of the present invention, expected value and comparison circuits are mounted in 
the IC and the acceptability of the result is determined internally to the IC, and thereby, it 
becomes easy to run tests in the production and system phases. 

[0010] [Preferred Embodiments] 

Below, the preferred embodiments of the present invention will be explained in detail 
with reference to the figures. Fig 1 shows the basic composition of the shared test 
register of the present invention, and Fig 2 shows an overall composition of the built-in 
self-test circuit according to the present invention. As shown in Fig 2, the built-in self- 
test circuit of the present invention is constructed for self-testing using normal register / 
pattem generator switchable-type type 1 shared registers 11, normal register / pattem 
generator + spatial compressor switchable-type type 2 shared registers 12, temporal 
compressor 16, and test control circuit 17. Among these, the shared test register of the 
present invention of Fig 1 is the type 2 shared register 12, and the above-said type 1 
shared test register 1 1 is shown in Fig 3. Further, preferred embodiments of the shared 
test register of the present invention are shown in Figs 4-6. 

[0011] 

To start, the type 2 shared test register of Fig 1 has N (N being an arbitrary natural 
number) data input lines 32, one mode switch input line 34, N data output lines 36, and 
one spatial compression line 35, and it functions during normal mode as a N-bit register 



used in normal operation, but during test mode, it has the capability of outputting the data 
stored in the N-bit register to circuit under test 37 of the next block at the same time as 
compressing the data of the t (t being the number of test patterns) N-bit (N being the 
number of outputs of the circuit under test) patterns output from circuit under test 3 1 of 
the previous block to (1 * t) data and outputting it from spatial compression output line 
35. 

[0012] 

In Fig 2, the above-described type 1 shared test register 11 is mounted in IC 116 by 
replacing a register (or a boundary scan register) connected directly to external input 113. 
Further, a type 1 shared test register 1 1 operates on the same clock cycle during normal 
operation, and comprises about 20 - 30 memory elements (flip-flops), each belonging to 
a layout block having timing that can be guaranteed. Further, type 1 shared test register 
1 1 has N (N being an arbitrary natural number) data input lines, one mode switch input 
line and N data output lines, and during normal mode it operates as an N-bit register used 
in normal processing, but during test mode, it has the capability to act as test pattern 
generator for a circuit under test in the next block. 

[0013] 

Further, above-described type 2 shared test registers 12 are mounted on IC 116 by 
replacing a part of a register surrounded by combinatorial logic circuits 1 15 or a register 
connected directly to the external output (or a boundary scan register). As a register 
surrounded by combinatorial logic circuits 1 15, a register is chosen with poor 
controllability and observability of random patterns. Generally, a state control register 
can be given as an example. Further, a register is selected that can be partitioned by the 
IC into sub-blocks of appropriate size, making the evaluation of fault detection rate 
calculations, etc, easier. Further, a type 2 shared test register 12 operates on the same 
clock cycle during normal operation, and comprises from about 20 - 30 memory 
elements (flip-flops) each that belong to a layout block having guarantee-able timing. 

[0014] 

Temporal compressor 16 uses an L-bit (L is the number of type 2 shared test registers) 
multiple input signature register (MISR). The data of L-bit (L is the number of outputs 
on the circuit under test) x t patterns (t is the number of test patterns) outputted from the 
spatial compression output lines 13 of all the shared test registers is temporally 
compressed to L x p pattern data. Here, because p (an arbitrary natural number) is the 
number of expected value comparisons, and the fault masking rate of a multiple input 
signature register is 1 / (2L), from the standpoint that the MISR fault masking rate 
becomes evident when L is less than 20 to 30 bits and that the faulty output rate is set to 
the normal 1 million-to-1 target, the number of L x p values is set to be more than 30. 
Further, said temporal compressor 16 operates on the same clock cycle during normal 
operation, and each comprises about 20 to 30 memory elements (flip-flops) that belong to 
layout block where timing can be guaranteed. Further, in the case the said temporal 



compressor 16 is operating in the whole IC on multiple clock cycles, it is made to operate 
at the lowest common denominator of the clock cycles. 

[0015] 

Test control circuit 17 receives a test circuit start-up signal 18 from outside of IC 116, 
initializes all registers on the IC through initiaUzation signal wire 15, switches all shared 
test registers to test mode, performs pattern generation / compression, and after t periods 
(t is the number of test patterns), compares the output of temporal compressor 16 with the 
expected value and outputs a termination signal 19 and a result determination signal 110 
to outside of IC 116. Because said type 2 shared test register 12 controlled by said test 
control circuit 17 simultaneously functions as a pattern generator and a pattern 
compressor, said start-up, initialization, pattem generation / compression and result 
determination can be performed in one test procedure, and the structure of test control 
circuit 17 is simple compared to a method like BILBO requiring multiple test procedures. 

[0016] 

Fig 3 shows a preferred embodiment of type 1 shared test register 1 1 . Type 1 shared test 
register 11 is constructed using N memory elements 23, N shift data / normal input data 
selection elements 24, and O (O being an integer between 1 and 3) XOR gates 25. Based 
on a signal received from mode switch input line 22, shift data / normal input data 
selector elements 24 select data input lines 21 during normal mode, and select the data 
shifted in from memory elements 24 of the previous block during test mode. Further, 
said type 1 shared test register 1 1 has multiple feedback lines 26, which is the feedback 
point where the primitive polynomial becomes the generated polynomial, and during test 
mode, it fiinctions as a linear feedback shift register (LFSR), giving maximum length 
sequence pseudorandom patterns to the circuit under test of the following block. 



[0017] 

Fig 4 shows preferred embodiment 1 of said type 2 shared test register (feed-back type). 
The type 2 shared test register of Fig 4 is constructed using N test register cells 43. 
Further, each test register cell 43 is connected by shift line 41. The output of fmal-block 
test register cell 43n is cormected to initial-block test register cell 43 1 by the feedback 
line, and it also outputs as spatial compression output line 47. Said test register cells 43 
are constructed using a memory element 44, a two-input logic element 45, and a shift 
data / fixed value selector element 46. Based on the signal received from mode switch 
input line 42, during normal mode, said shift data / fixed value selector elements 46 
operate during normal mode by sending fixed values to two-input logic elements 45, and 
by making sure that data input 41 is given to memory elements 44 without modification; 
during test mode, they operate by making sure that the value from a logic operation on 
the data shifted in from test register cells 43 of the previous block data input 41 is given 
to memory element 44. Two-input logic elements 45 comprise ORs, ANDs, XORs or any 
of their negations. 



[0018] 

Further, as a feedback arrangement different from that described above, a (MISR-type) 
structure 2 can be used that, as shown in Fig 5, has as its feedback point multiple 
feedback lines 58, at which the primitive polynomial becomes the generated polynomial, 
and uses XOR gates 55 as its two-input logic elements, and that during test mode 
functions as a multiple input signature register (MISR). 

[0019] 

In Fig 6, a third preferred embodiment (no-feedback type) of said type 2 shared test 
register 12 is shown. The type 2 shared test register of Fig 6 comprises one normal 
register cell 63 and N-1 test register cells 64, where normal register cells 63 and test 
register cells 64 are connected by shift line 610. The output of final-block test register 
cell 64n-i is output as spatial compression output line 68. Normal register cell 63 
randomly selects from output 32 of the previous-block circuit under test to connect to an 
output that is likely to flip Os and Is. Said test register cells 64 are constructed using a 
memory element 65, a two-input logic element 66, and a shift data / fixed value selector 
element 67. Based on a signal received from mode switch input line 62, said shift data / 
fixed value selector elements 67 operate during normal mode by giving a fixed value to 
two-input logic elements 66, and assuring that data input 61 is sent to memory elements 
65 without modification, but during test mode, they operate by assuring that the value of 
a logic operation on data input 61 and the data shifted in from previous-block normal 
register cell 63, or test register cell 64, is sent to the memory elements. Two-input logic 
elements 66 comprise ORs, ANDs, XORs or any of their negations. 

[0020] 

Next, further items relating to application to multi-cycle circuits, timing guarantees, and 
type 2 shared test registers will be explained. 
(Application to multi-cycle circuits) 

As previously described, when an IC operates on multiple clock cycles, type 1 shared test 
registers 11 and type 2 shared test registers 12 comprise memory elements (flip-flops) 
that operate on the same clock cycle in normal mode. Further, temporal compressor 16 
operates on a clock that is the lowest common denominator of the clock cycles. By this 
means, shift operations between flip-flops comprising a type 1 shared test register 1 1 , a 
type 2 shared test register 12, or a temporal compressor 16 are performed on the same 
clock cycle, and further, because shift operations from each type 2 shared test register 12 
to a temporal compressor 16 are performed from low-clock-cycle flip-flops towards high- 
clock-cycle flip-flops, no data loss occurs during shift operations. On the other hand, in 
the conventional method, because all registers are connected and shifted on a single 
cyclical path 74, when the whole IC is operating at multiple clock cycles, because shift 
operations from high clock cycle flip-flops to low clock cycle flip-flops are performed, 
data loss occurs during these shift operations, and the fault masking rate in the 
compressor increases. 



[0021] 

(Timing guarantee) 

As discussed above, type 1 shared test registers 11, type 2 shared test registers 12, and 
temporal compressors 16 each comprise around 20 to 30 memory elements (flip-flops) 
that belong to a layout block that can be timing-guaranteed. Regarding timing guarantees 
among the flip-flops comprising said type 1 shared test registers 11, type 2 shared test 
registers 12, and temporal compressors 16, because 1 or 2 blocks of logic elements are 
placed between the flip-flops comprising each kind of register, and because there is a 
time delay holding margin in these logic elements, in order to guarantee timing, it is 
sufficient to keep the clock variation produced in various said test register flip-flops 
within said holding margin. Because it is easy to specify a layout block that guarantees 
the skew to be within the delay time of the logic elements of blocks 1 and 2 by means of 
clock design, for example, by making the clock wires of uniform length and by using the 
same driver, because the number of flip-flops comprising each kind of test register can be 
kept to around 20 to 30 that belong to a layout that can be timing-guaranteed as described 
above, and timing can easily be guaranteed. Further, the timing of shift operations from 
type 2 shared test register 12 to temporal compressor 16 can easily be guaranteed by 
means of inserting delay elements corresponding to the assumed clock variation between 
the layout block including type 2 shared test register 12 and the layout block including 
temporal compressor 16 between type 2 shared test register 12 and temporal compressor 
16. 

[0022] 

(Type 2 shared test register) 

As shown in the above, a type 2 shared test register 12 is made by selecting as its overall 
composition: feedback-type, MISR-type, or no-feedback-type, and its two-input logic 
elements: ORs, ANDs or XORs, or the negation of any of them, and selection guidelines 
for that occasion will now be indicated. The amount of hardware increases in the order 
non-feedback-type, feedback-type, and MISR-type, and when a XOR or its negation is 
used as the two-input logic element, more [space] is used. As described above, the type 2 
shared test register 12 functions as a spatial compressor for previous-clock circuit under 
test 31 and as a test pattern generator for next-block circuit under test 37, but a selection 
must be made considering the fault masking rate (the rate at which the impact of faults is 
masked) of the different spatial compressors and the test pattern effectiveness (how many 
of the patterns have a high degree of randomness) of the test pattern generator. 
Regarding the fault masking rate of a type 2 shared test register as a spatial compressor, 
because compressed values are output in the entire testing cycle from spatial compression 
output lines 47, 57 and 68, which are connected to final-block test register cells 43n, 53n 
and 63n-i5 it is sufficient that the effect of a fault is propagated once to final-block test 
register cells 43n, 53n and 64n-i, so there is no difference in the fault making rate between 
feedback-type and non-feedback-type. Further, given that XOR or its negation is used as 
two-input logic elements 45 and 66; for a fault masking to occur when in a given cycle an 
abnormal output is propagated fi-om previous-block circuit under test 31, a new abnormal 



output would have to be propagated to cancel out the previous abnormal output before the 
former is shifted to final-block test register cells 43n, 53n, 64n.i, so the fault masking rate 
is extremely low. 

If a logical OR or its negation is used, when in a given cycle an abnormal output is 
propagated from previous-block circuit under test 31, even if no abnormal output comes 
up that cancels out its effect, because during a shift operation it will be overseen with a 
1 / 2 probability, the fault masking rate is higher than when a XOR or its negation is used. 
Regarding the test pattern efficiency of a type 2 shared test register 12 as a test pattern 
generator, various kinds of patterns will be propagated from previous-block circuit under 
test 31, but if the probability of randomly flipping Os and Is of all or part of the output of 
previous-block circuit under test 3 1 is high, by connecting that output to the normal 
register cells 63, the patterns with high test pattern efficiency for next-block circuit under 
test 37 will be generated even if a no-feedback type is used. If the probability of 
randomly flipping Os and Is of all or part of the output of previous-block circuit under 
test 3 1 is low, in a no-feedback type, because the rate of generating fixed patterns is high 
and thus the test pattern efficiency deteriorates, a feedback type should be used. In regard 
to a [register] in which fixed values are propagated in almost all test cycles, because 
patterns of the shared test register bit are repeated in a simple feedback-type, pattern 
efficiency deteriorates. Then it is necessary to use a MISR-type. Further, if a logical OR, 
a logical AND, or their negation is used as the two-input logic elements 45 and 66, the 
probability that Os or Is occur in the test register cells becomes higher than when the 
XOR or its negation is used, and pattern efficiency falls. 

[0023] 

Above, in consideration of the characteristics of each type 2 shared test register 12, 
regarding the choice between feedback-type, MISR-type, and no-feedback-type, when the 
probability that part or all of the output of previous-block circuit under test 3 1 toggles 
randomly is high, a no-feedback-type is used; when the probability that part or all of the 
output of previous-block circuit under test 3 1 toggles randomly is low, a feedback type is 
used, and when in most cycles a fixed value is propagated fi*om all output of previous- 
block circuit under test 31, a MISR-type is used. 

[0024] 

Next, the selection of two-input logic elements 45 and 66 is utilized when a large number 
of patterns with a high fault detection rate is sent from previous-block circuit under test 
31, the fault impact is propagated to the circuit under test output and a high fault 
detection rate can be achieved even with patterns that don't have very good test pattern 
efficiency for next-block circuit under test 37. 

[0025] 

In the present invention, because the only spatial compression performed is the pattern 
compression of the shared test register, it would be sufficient if pattern compression by 
the shared test register were around some tens to one (assuming the number of registers 



comprising the shared test register is a few tens), and as shown above, depending on the 
characteristics of the circuits under test connected to previous and following blocks, in 
many cases, a shared test register needing little hardware can be used. On the other hand, 
in the method from the conventional technology in which direct temporal compression is 
performed with a shared test register, pattern compression by the shared test register of 
several million to one (assuming the number of test cycles is some millions) is necessary, 
and in order that fault masking does not occur, regardless of the characteristics of the 
circuits under test connected to the previous and following blocks, it is necessary to use a 
compressor with more hardware, a multiple input signature register (MISR) or a feedback 
type, and further to use XOR gates for two-input logic elements. 

[0026] [Effect of the invention] 

As described above, by means of the built-in self-test circuit using the shared test register 
of the present invention, application to a multi-cycle circuit is possible, it is easy to 
guarantee timing, testing costs are reduced, there is little additional circuitry for testing, 
and it is practical in a built-in self-test circuit in an IC. 

[Brief explanation of the Figures] 

[Fig 1] Basic composition diagram of the type 2 shared test register of the present 
invention 

[Fig 2] Whole-composition diagram of a built-in self-testing circuit according to the 
present invention 

[Fig 3] Diagram showing a preferred embodiment of the type 1 shared test register 
[Fig 4] Diagram showing preferred embodiment 1 (feedback-type) of the type 2 shared 
test register 

[Fig 5] Diagram showing preferred embodiment 2 (MISR-type) of the type 2 shared test 
register 

[Fig 6] Diagram showing preferred embodiment 3 (non-feedback-type) of the type 2 
shared test register 

[Fig 7] Whole-composition diagram of a conventional built-in self-testing test circuit 
[Explanation of the Numbering] 
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